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GRADIENT DENSITY DEPTH FILTRATION 
SYSTEM 

BACKGROUND OF THE INVENTION 

[0001] 
[0002] This invention relates to liquid ?ltration systems, 
and more particularly relates to a gradient density depth 
?ltration system compatible With various fuels, coolants, and 
other liquid and gaseous ?uids. 

[0003] 2. Description of the Related Art 

1. Field of the Invention 

[0004] The steadily increasing price of gasoline in recent 
years has led to increased use and availability of alternative 
fuels WorldWide. Indeed, alternative fuels such as methanol, 
ethanol, natural gas, propane, biodiesel, electricity, hydro 
gen, and p-series fuels, are increasingly used as cost-effec 
tive, environmentally sound alternatives to gasoline. Such 
non-petroleum fuels are generally derived from domesti 
cally produced, reneWable resources such as biological 
materials, solar energy, and coal. Natural gas is also abun 
dantly used as a basic energy source for alternative fuels. 
Although not reneWable, there is a plentiful supply of natural 
gas in both the United States and neighboring countries in 
North America. Alternative fuels thus provide a relatively 
secure form of energy, substantially immune from the mer 
curial costs and availability of gasoline, Which depend on 
limited crude oil supplies abroad and ?nite re?ning capacity. 

[0005] In use, alternative fuels are substantially clean 
burning compared to gasoline, yielding environmental ben 
e?ts by reducing harmful pollutants and exhaust emissions. 
Further, alternative fuel vehicles generally consume less fuel 
than their standard vehicle counterparts. This too contributes 
to reduced vehicle emissions and associated environmental 
degradation. 
[0006] While alternative fuel vehicles have been devel 
oped to bene?t from the environmental and economic 
soundness of alternative fuels, such vehicles generally fail to 
realiZe the full potential of such fuels due to a fundamental 
chemical incompatibility betWeen the fuels and the ?lters 
through Which they are pumped. Indeed, most commercially 
available in-tank fuel ?lters are designed to ?lter gasoline or 
diesel fuel, and thus comprise materials suitable for such a 
purpose, Without regard to the compatibility of such mate 
rials With alternative fuels. A typical fuel ?lter includes an 
outer layer that encapsulates an inner ?ltration media having 
one or more layers. Such a fuel ?lter, knoWn as a depth 
media-type ?lter, generally exhibits high e?iciency and 
capacity While effectively con?ning contaminants in the 
?lter. To further optimiZe e?fective small particulate ?ltra 
tion, the inner ?ltration media of the depth media ?lter may 
comprise non-Woven melt-bloWn thermoplastic ?laments. 

[0007] A Web of melt-bloWn ?laments provides ?ne ?l 
tration of a magnitude generally unattainable by conven 
tional fabric Weaving techniques. The melt bloWing process 
subjects a thermoplastic ?lament strand to high velocity gas 
that attenuates the ?lament and breaks it doWn into micro? 
bers. As the ?bers move toWard a collecting screen, the 
ambient air cools and solidi?es the ?bers into a self-bonded, 
non-Woven Web highly effective for small particle ?ltration. 

[0008] The melt bloWing process generally demands a 
thermoplastic polymer that is ?uid enough to produce ?ne 
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micro?bers, While viscous enough to provide high ?ber 
strength and prevent excessive ?ber bonding or breakage. 
Similarly, it is important that the polymer adequately bond 
With other ?bers upon solidifying, While avoiding coales 
cence by excess fusion. Indeed, untoWard coalescence pro 
duces areas Where the ?bers lose their ?brous identity, and 
thus fail to function as a ?lter. For this reason, the more rapid 
the crystallization and the higher the melting point of the 
polymer, the better. The polymer generally deemed best 
suited for this demanding process, and that predominantly 
utiliZed in the fuel ?lter industry today, is nylon. 

[0009] While melt-bloWn ?laments of nylon perform Well 
in conventional gasoline fuel ?lter systems, alternative fuels, 
particularly alcohol-containing fuels such as ethanol and 
methanol, tend to cause such ?laments to sWell, thus increas 
ing the ?oW restriction to the fuel pump and reducing the 
?oW of fuel to an engine. In addition, such ?laments are 
susceptible to damage and degradation from exposure to 
various chemical components of alternative fuels. As a 
result, fuel e?iciency and reliability in alternative fuel 
vehicles may be compromised. 

[0010] Accordingly, a need exists for a gradient density 
depth media style ?ltration system that is compatible With 
alternative fuels. Bene?cially, such a gradient density depth 
?ltration system Would maintain effective small particle 
?ltration, resist chemically induced sWelling and other 
chemically induced damage and effects, and optimiZe fuel 
e?iciency and reliability in alternative fuel vehicles. Such a 
gradient density depth ?ltration system is disclosed and 
claimed herein. 

SUMMARY OF THE INVENTION 

[0011] The present invention has been developed in 
response to the present state of the art, and in particular, in 
response to the problems and needs in the art that have not 
yet been fully solved by currently available gradient density 
depth media ?ltration systems. Accordingly, the present 
invention has been developed to provide a gradient density 
depth media ?ltration system that overcomes many or all of 
the above-discussed shortcomings in the art. 

[0012] An apparatus to ?lter a ?uid in accordance With 
certain embodiments of the present invention includes a 
melt-bloWn ?ltration assembly to provide increasingly ?ne 
?ltration of a ?uid, such as a coolant or fuel. The melt-bloWn 
?ltration assembly may include varying densities of melt 
bloWn micro?laments having a substantially constant diam 
eter. In one embodiment, a diameter of the melt-bloWn 
micro?laments may range betWeen about 2 and 5 pm. In 
some embodiments, the melt-bloWn micro?laments may be 
formed of a substantially dimensionally stable thermoplastic 
capable of resisting chemically induced effects. Examples of 
a substantially dimensionally stable thermoplastic include 
acetal, polyethylene, polyphenylenesul?de, high tempera 
ture nylon, or a combination thereof. 

[0013] In certain embodiments, the melt-bloWn ?ltration 
assembly may include a single layer or multiple melt-bloWn 
layers, each melt-bloWn layer having a unique and substan 
tially constant porosity of melt-bloWn micro?laments. The 
melt-bloWn layers may be arranged such that a porosity 
corresponding to each melt-bloWn layer decreases as a 
distance betWeen the melt-bloWn layer and a target device 
decreases. 
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[0014] The apparatus may further include a general ?ltra 
tion element coupled to the melt-bloWn ?ltration assembly 
to provide coarse ?ltration, Where the general ?ltration 
element comprises, for example, spun bonded ?ltration 
media. In certain embodiments, the apparatus may include 
an outer ?ltration element substantially adjacent the general 
?ltration element to protect the general ?ltration and melt 
bloWn ?ltration assembly against mechanical stresses. 

[0015] A system of the present invention is also presented 
to provide gradient density depth ?ltration of a ?uid. The 
system may be embodied by a tank adapted to store a ?uid, 
a pump to pump the ?uid to a target device, and a ?lter to 
?lter the ?uid prior to reaching the target device. The ?lter 
may include a melt-bloWn ?ltration assembly to provide 
increasingly ?ne ?ltration of the ?uid, Where the melt-bloWn 
?ltration assembly includes varying porosities of melt 
bloWn micro?laments having a substantially constant diam 
eter. As in the apparatus, the melt-bloWn micro?laments may 
include a substantially dimensionally stable thermoplastic 
such as acetal, polyethylene, polyphenylenesul?de, high 
temperature nylon, or a combination thereof. The gradient 
?ltration assembly may include an arrangement of melt 
bloWn layers by porosity, each layer having a substantially 
constant porosity of melt-bloWn micro?laments unique to 
that layer, such that porosity decreases as a distance betWeen 
the layer and a target device decreases. Finally, the ?lter may 
further include a general ?ltration element for coarse ?ltra 
tion, and an outer ?ltration element for protective purposes. 

[0016] A method of the present invention is also presented 
for providing gradient density depth ?ltration of a ?uid. In 
one embodiment, the method includes melt-bloWing a sub 
stantially dimensionally stable thermoplastic to form melt 
bloWn micro?laments having a substantially constant diam 
eter, forming the melt-bloWn micro?laments into a melt 
bloWn layer having a unique and substantially constant 
porosity, arranging a plurality of the melt-bloWn layers 
according to their relative porosities to produce a melt 
bloWn ?ltration assembly, and ?ltering a ?uid through the 
melt-bloWn ?ltration assembly to provide increasingly ?ne 
?ltration of the ?uid. In some embodiments, the method may 
further include selecting the substantially dimensionally 
stable thermoplastic to include at least one of acetal, poly 
ethylene, polyphenylenesul?de, high temperature nylon, and 
substantially dimensionally stable thermoplastic. Further, 
?ltering the ?uid may include ?ltering a ?uid selected from 
the group consisting of a coolant and a fuel. 

[0017] Reference throughout this speci?cation to features, 
advantages, or similar language does not imply that all of the 
features and advantages that may be realiZed With the 
present invention should be or are in any single embodiment 
of the invention. Rather, language referring to the features 
and advantages is understood to mean that a speci?c feature, 
advantage, or characteristic described in connection With an 
embodiment is included in at least one embodiment of the 
present invention. Thus, discussion of the features and 
advantages, and similar language, throughout this speci? 
cation may, but do not necessarily, refer to the same embodi 
ment. 

[0018] Furthermore, the described features, advantages, 
and characteristics of the invention may be combined in any 
suitable manner in one or more embodiments. One skilled in 

the relevant art Will recogniZe that the invention may be 
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practiced Without one or more of the speci?c features or 
advantages of a particular embodiment. In other instances, 
additional features and advantages may be recogniZed in 
certain embodiments that may not be present in all embodi 
ments of the invention. 

[0019] These features and advantages of the present inven 
tion Will become more fully apparent from the folloWing 
description and appended claims, or may be learned by the 
practice of the invention as set forth hereinafter. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0020] In order that the advantages of the invention Will be 
readily understood, a more particular description of the 
invention brie?y described above Will be rendered by ref 
erence to speci?c embodiments that are illustrated in the 
appended draWings. Understanding that these draWings 
depict only typical embodiments of the invention and are not 
therefore to be considered to be limiting of its scope, the 
invention Will be described and explained With additional 
speci?city and detail through the use of the accompanying 
draWings, in Which: 

[0021] FIG. 1 is a cross-sectional vieW of a fuel tank 
including a gradient density depth ?ltration system in accor 
dance With certain embodiments of the present invention; 

[0022] FIG. 2 is a cross-sectional vieW of one embodi 
ment of a gradient density depth ?ltration system in accor 
dance With the present invention; 

[0023] FIG. 3 is a cross-sectional vieW of an alternate 
embodiment of a gradient density depth ?ltration system in 
accordance With the present invention; 

[0024] FIG. 4 is a perspective vieW of a melt bloWing 
apparatus that may be used to fabricate melt bloWn layers of 
the gradient density depth ?ltration system in accordance 
With certain embodiments of the present invention; 

[0025] FIG. 5 is a magni?ed top vieW of melt-bloWn 
acetal micro?laments forming a ?rst layer of a melt-bloWn 
?ltration assembly in accordance With certain embodiments 
of the present invention; 

[0026] FIG. 6 is a magni?ed top vieW of melt-bloWn 
acetal micro?laments forming a second layer of the melt 
bloWn ?ltration assembly in accordance With certain 
embodiments of the present invention; and 

[0027] FIG. 7 is a magni?ed top vieW of melt-bloWn 
acetal micro?laments forming a third layer of the melt 
bloWn ?ltration assembly in accordance With certain 
embodiments of the present invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0028] Reference throughout this speci?cation to “one 
embodiment,”“an embodiment,” or similar language means 
that a particular feature, structure, or characteristic described 
in connection With the embodiment is included in at least 
one embodiment of the present invention. Thus, appearances 
of the phrases “in one embodiment,”“in an embodiment,” 
and similar language throughout this speci?cation may, but 
do not necessarily, all refer to the same embodiment. 

[0029] Furthermore, the described features, structures, or 
characteristics of the invention may be combined in any 
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suitable manner in one or more embodiments. In the fol 
lowing description, numerous speci?c details are disclosed 
to provide a thorough understanding of embodiments of the 
present invention. One skilled in the relevant art Will rec 
ogniZe, hoWever, that the invention may be practiced With 
out one or more of the speci?c details, or With other 
methods, components, materials, and so forth. In other 
instances, Well-knoWn structures, materials, or operations 
are not shoWn or described in detail to avoid obscuring 
aspects of the invention. 

[0030] As used in this speci?cation, the term “depth 
media” or “depth ?lter” refers to a staged or graduated 
arrangement of ?brous material that has the effect of increas 
ing the surface area of the ?lter. The term “density gradient” 
refers to percent solids content of a particular depth media. 
The term “gradient density depth ?ltration” refers to a 
?ltration process that uses depth media to provide an 
increasing density gradient (or decreasing porosity gradient) 
to ?lter and trap particles. 

[0031] A gradient density depth ?ltration system in accor 
dance With the present invention may be implemented to 
?lter a fuel, a coolant, Water, and/or any other ?uid knoWn 
to those in the art. FIG. 1 illustrates a conventional fuel 
system capable of implementing the gradient density depth 
?ltration system of the present invention. The fuel system 
may include a fuel tank 100 having an inlet 102, a fuel 
sending unit 108, and a supply line 110. The fuel tank 100 
may comprise metal, plastic, or other substantially rigid 
material knoWn to those in the art capable of retaining and 
resisting the chemical effects of fuels such as gasoline, diesel 
fuel, alternative fuels such as methanol and ethanol, and/or 
any other fuel knoWn to those in the art. 

[0032] The inlet 102 may be formed to direct the fuel from 
an exterior fuel source, such as a gas pump, to the fuel tank 
100. From the fuel tank 100, fuel may be directed to a fuel 
pump 106 housed individually or Within the fuel sending 
unit 108 by negative pressure electrically created by the fuel 
pump 106, or by any other means knoWn to those in the art. 
The fuel sending unit 108 may be mounted and sealed Within 
the fuel tank 100 to protect sensitive fuel pump 106 com 
ponents, and may communicate With a supply line 110 
adapted to transport the fuel to fuel injectors (not shoWn) or 
other target device knoWn to those in the art. Alternatively, 
the fuel pump 106 may comprise a mechanically operated 
fuel pump 106 residing outside the fuel tank 100, Where the 
supply line 110 communicates With a carburetor (not shoWn) 
or other target device. In any case, a gradient density depth 
?ltration system in accordance With the present invention 
may intercept the fuel’s direction of travel 114 from the fuel 
tank 100 to the fuel pump 106 to effectively ?lter particulate 
matter from the fuel prior to use, as discussed in more detail 
With reference to FIGS. 2 and 3 beloW. 

[0033] Similarly, a conventional cooling system (not 
shoWn), may implement the gradient density depth ?ltration 
system of the present invention to effectively ?lter particu 
late matter from a liquid medium used to dissipate heat from 
a target device, such as an automobile engine. A typical 
automobile cooling system includes an engine, a pump, a 
radiator, and a series of belts, clamps and hoses to connect 
them together. In operation, the pump drives a liquid 
medium through hoses proximate the engine to collect heat 
generated thereby. A liquid medium may comprise, for 
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example, Water, a coolant such as ethylene glycol, a com 
bination thereof, or any other liquid medium knoWn to those 
in the art. Connecting hoses may then direct the liquid 
medium to the radiator, Where heat collected from the engine 
may be dissipated into the atmosphere. A gradient density 
depth ?ltration system in accordance With the present inven 
tion may be implemented betWeen the pump and a ?rst hose 
to ?lter the liquid medium prior to dissemination over the 
engine, thereby optimiZing the liquid medium’s cooling 
capabilities. 

[0034] Referring noW to FIG. 2, a gradient density depth 
?ltration system in accordance With the present invention 
may generally comprise a melt-bloWn ?ltration assembly 
202 having multiple meltbloWn layers 204, 206, and 208 of 
varying porosity. Indeed, variation in porosity produces 
corresponding variation in interstitial or pore siZe, thus 
providing varying layer ?ltration capabilities. This method 
of relying on porosity or density gradient variation to vary 
layer ?ltration capability facilitates an effective depth-media 
type ?lter made of acetal and/ or another substantially dimen 
sionally stable thermoplastic compatible With various fuels, 
coolants, and other ?uids, as discussed in more detail With 
reference to FIGS. 4-7 beloW. 

[0035] In some embodiments, for example, a ?rst layer 
204 of the melt-bloWn ?ltration assembly 202 may include 
a porosity betWeen about 90 and 98% to provide initial small 
particulate ?ltration. The ?rst layer 204 may be coupled to 
a second layer 206 adapted to provide ?ltration of small 
particulates of a reduced magnitude. A porosity correspond 
ing to the second layer 206 may range, for example, betWeen 
about 85 and 97%. Finally, the second layer 206 of the 
melt-bloWn ?ltration assembly 202 may be coupled to a 
third layer 208 adapted to provide ?ltration of ?ne particu 
lates. A porosity corresponding to the third layer 208 may 
range, for example, betWeen about 80 and 96%. In this 
manner, the melt-bloWn ?ltration assembly 202 of the 
present invention provides increasingly ?ne ?ltration of a 
?uid having a direction of travel 114 from the ?rst layer 204 
to the third layer 208. Of course, one skilled in the art Will 
recogniZe that the ?rst, second and third layers 204, 206 and 
208 of the melt-bloWn ?ltration assembly 202 disclosed 
above are for illustrative purposes only, and that a melt 
bloWn ?ltration assembly 202 in accordance With the present 
invention may include any number of layers arranged to 
provide increasingly ?ne ?ltration. Further, in some embodi 
ments, the melt-bloWn ?ltration assembly 202 may include 
a graduated arrangement of melt-bloWn micro?laments inte 
grated into a unitary Whole, such that the melt-bloWn ?ltra 
tion assembly 202 is substantially devoid of individually 
identi?able layers. 

[0036] In some embodiments, the melt-bloWn ?ltration 
assembly 202 may be coupled to at least one general 
?ltration element 200 adapted for relatively coarse ?ltration, 
thus further contributing to a graduated ?ltering effect. In 
certain embodiments, the melt-bloWn ?ltration assembly 
202 may be sandWiched betWeen tWo general ?ltration 
elements 200a and 20019 to substantially encapsulate the 
more delicate meltbloWn layers of the melt-bloWn ?ltration 
assembly 202, thereby protecting the melt-bloWn ?ltration 
assembly 202 as Well as contributing to overall ?ltration. 

[0037] The general ?ltration element 200 may include a 
spun bonded ?ltration medium, referring to that class of 
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nonWoven materials Where newly formed ?laments are 
immediately subjected to cold air to stop their attenuation. 
The general ?ltration element 200 may have a porosity more 
than a porosity corresponding to the ?rst layer 204 of the 
melt-bloWn ?ltration assembly 202, such that the general 
?ltration element 200 provides preliminary ?ltration of 
relatively large particulate matter from a ?uid. The general 
?ltration element 200 may comprise, for example, spun 
bonded nylon, polyester, acetal, Te?on®, or other spun 
bonded ?ltration medium knoWn to those in the art. The 
average ?lament diameter of such a medium may comprise, 
for example, about 100 pm. 

[0038] Referring noW to FIG. 3, in certain embodiments, 
a gradient density depth ?ltration system may further 
include an outer ?ltration element 300 coupled to the general 
?ltration element 200 and/or melt-bloWn ?ltration assembly 
202 to further protect against environmentally imposed 
stresses, such as mechanical stresses resulting from contact 
With the tank 100 or other system components, and/or 
chemical stresses induced by exposure to the ?uid. An outer 
?ltration element 300 may include a coarse extruded mate 
rial such as nylon, polyester, acetal, Te?on®, or other 
material knoWn to those in the art. The material may be 
Woven to produce a substantially structurally stable mesh. 
Indeed, as the primary purpose of the outer ?ltration element 
300 is to protect more sensitive components coupled thereto, 
a porosity corresponding to the outer ?ltration element 300 
may be substantially more than even the general ?ltration 
element 200. In some embodiments, for example, an inter 
stitial mesh Width may range betWeen about 100 and 1,000 
um. Interstitial siZe of the outer ?ltration element 300, 
hoWever, is not critical, provided that it does not interfere 
With the structural integrity and durability of the outer 
?ltration element 300. 

[0039] In further embodiments, a gradient density depth 
?ltration system may include tWo or more panels 306, each 
panel 306 comprising a melt-bloWn ?ltration assembly 202 
substantially sandWiched betWeen tWo general ?ltration ele 
ments 200. An outer ?ltration element 300 may be coupled 
to the mo st exterior general ?ltration elements 200, such that 
the outer ?ltration element 300 essentially encapsulates 
every other component of the gradient density depth ?ltra 
tion system. In some embodiments, each panel 306 may be 
sonically point-bonded to provide distinct ?ltration regions 
306 demonstrating increased structural stability. Alterna 
tively, point bonds 308 may reinforce the gradient density 
depth ?ltration system across its entire depth. 

[0040] Referring noW to FIG. 4, melt-bloWn micro?la 
ments of the melt-bloWn ?ltration assembly 202 may be 
produced according to the folloWing process. A polymer 
may be formed into pellets to facilitate processing by a melt 
bloWing apparatus 400. The melt bloWing apparatus 400 
may include a feeder 404 to direct the pellets to an extruder 
406 coupled to a die head 408. An attenuation force may be 
applied at the die head 408 to draW the molten polymer 
through ori?ces 414 in the die head 408. As soon as the 
polymer is extruded through the die head 408, high velocity 
gas may stream through gas manifolds 416 to attenuate the 
polymer into micro?laments. As the gas stream containing 
the micro?laments progresses toWards a collector screen 

412, ambient air may cool and solidify the micro?laments, 
Which may then collect randomly on the collector screen 412 
to form a self-bonded non-Woven Web 418. In some cases, 
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a vacuum may be applied on an inner surface of the collector 
screen 412 to enhance application of the micro?laments to 
the collector screen 412 surface. 

[0041] The melt bloWing process generally demands a 
polymer that is ?uid enough to produce ?ne micro?bers, 
While viscous enough to provide high ?ber strength and 
prevent excessive ?ber bonding. Similarly, it is important 
that the polymer adequately bond With other ?bers upon 
solidifying, While avoiding coalescence by excess fusion. 
Thus, the more rapid the crystallization and the higher the 
melting point of the polymer, the better. While nylon is 
generally deemed the polymer best suited for this demand 
ing process, nylon is uniquely prone to Water absorption, 
rendering it incompatible With applications used to ?lter 
Water and/or other liquid mediums containing or producing 
Water. Accordingly, because e?icient small particle ?ltration 
generally requires melt-bloWn micro?laments, an alternative 
polymer is needed from Which a melt-bloWn material may 
be fabricated. 

[0042] Particularly, a substantially dimensionally stable 
thermoplastic such as acetal, polyethylene, polypheylene 
sul?de, high temperature nylon, or other substantially 
dimensionally stable thermoplastic knoWn to those in the art 
may be used to create melt-bloWn micro?laments suitable 
for use in the gradient density depth ?ltration system of the 
present invention. In some embodiments, the substantially 
dimensionally stable thermoplastic may further resist chemi 
cally induced effects caused by chemical reagents such as 
neutral oils, grease, petroleum-based fuels, alcohols and 
other organic solvents including esters, ketones, and ali 
phatic and aromatic hydrocarbons. 

[0043] Because such a substantially dimensionally stable 
thermoplastic may not inherently demonstrate qualities ame 
nable to the melt bloWing process, hoWever, operational melt 
bloWing parameters may be adjusted to customiZe the pro 
cess to the selected thermoplastic polymer. In one embodi 
ment, for example, acetal resins may be formed into pellets 
for processing by a melt-bloWing apparatus 400. Because 
acetal, unlike nylon, demonstrates very high loft as Well as 
high viscosity, processing speeds and temperatures may be 
adjusted to permit proper processing of the acetal pellets to 
form a non-Woven Web of melt-bloWn micro?laments. 

[0044] Indeed, Where nylon is the thermoplastic polymer 
subjected to the melt bloWing process, a temperature of the 
entire melt bloWing apparatus 400 normally ranges betWeen 
about 215° and 340° C., While a temperature of attenuating 
gas streamed by the gas manifolds 416 typically reaches 
around 3000 C. The present invention, on the other hand, 
contemplates maintaining the temperature of the melt bloW 
ing apparatus 400 beloW 230° C., in a range betWeen about 
160° and 230° C. Such a reduced temperature permits proper 
processing of acetal or a like thermoplastic subjected to the 
melt bloWing process. Similarly, in certain embodiments, the 
temperature of the attenuating gas may be maintained in a 
range betWeen about 190° and 290° C. While such adjust 
ments to temperature may permit acetal and other such 
thermoplastic polymers to be melt-bloWn in accordance With 
conventional melt bloWing practice, adjustments to collector 
screen 412 speed, attenuating gas speed, and polymer 
throughput may also be required to result in a non-Woven 
Web 418 suitable for ?ltration. In one embodiment, for 
example, collector screen 412 speed may be maintained in 
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a range between about 2 and 13 m/min, While attenuating 
gas ?oW may range betWeen about 64 and 250 m/ sec and 
polymer throughput may range betWeen about 0.07 and 0.75 
g/hole/min. 
[0045] Despite the e?icacy of these adjustments in 
enabling melt-bloWn acetal to achieve a su?icient non 
Woven bond despite its characteristic high loft, the relative 
viscosity of acetal may nevertheless limit the range of 
achievable micro?lament siZe. As a result, the gradient 
?ltration assembly 202 of the present invention relies pri 
marily on varying densities of melt-bloWn micro?laments to 
produce the graduated ?lter e?fect previously discussed, 
rather than depending on varying siZes of micro?laments to 
produce varying ?ltration capabilities. 

[0046] Referring noW to FIGS. 5-7, a substantially dimen 
sionally stable thermoplastic such as acetal may be melt 
bloWn to produce micro?laments 410 having a substantially 
constant diameter siZe 500. In some embodiments, for 
example, a diameter 500 of each micro?lament may range 
betWeen about 2.5 and 30 pm. As illustrated by FIG. 5, the 
?rst layer 204 of the melt-bloWn ?ltration assembly 202 of 
the present invention may comprise a porosity 502 of 
abouti96% to provide coarse porosity ?ltration of a ?uid. 
The second layer 206, as shoWn in FIG. 6, may include 
micro?laments 410 substantially equal in diameter 500 to 
those shoWn in FIG. 5. The second layer 206 micro?laments 
410, hoWever, may comprise a porosity 602 of about 94% to 
provide intermediate porosity ?ltration of the ?uid. Finally, 
the third layer 208, illustrated by FIG. 7, may comprise 
micro?laments 410 comparable in diameter 500 to the ?rst 
and second layers 204 and 206 depicted by FIGS. 5 and 6, 
although the third layer 208 may demonstrate a porosity 702 
of about 92 to provide ?ne porosity depth ?ltration. 

[0047] The present invention may be embodied in other 
speci?c forms Without departing from its spirit or essential 
characteristics. The described embodiments are to be con 
sidered in all respects only as illustrative and not restrictive. 
The scope of the invention is, therefore, indicated by the 
appended claims rather than by the foregoing description. 
All changes Which come Within the meaning and range of 
equivalency of the claims are to be embraced Within their 
scope. 

What is claimed is: 
1. An apparatus for ?ltering a ?uid, comprising: 

a melt-bloWn ?ltration assembly to provide increasingly 
?ne ?ltration of a ?uid, the melt-bloWn ?ltration assem 
bly comprising varying porosities of melt-bloWn 
micro?laments having a substantially constant diam 
eter. 

2. The apparatus of claim 1, Wherein the melt-bloWn 
micro?laments comprise a substantially dimensionally 
stable thermoplastic. 

3. The apparatus of claim 2, Wherein the substantially 
dimensionally stable thermoplastic resists chemically 
induced elfects. 

4. The apparatus of claim 2, Wherein the substantially 
dimensionally stable thermoplastic comprises at least one of 
acetal, polyethylene, polyphenylenesul?de, and high tem 
perature nylon. 

5. The apparatus of claim 1, Wherein the melt-bloWn 
?ltration assembly further comprises a plurality of melt 
bloWn layers, each of the plurality of melt-bloWn layers 
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comprising a unique and substantially constant porosity of 
the melt-bloWn micro?laments. 

6. The apparatus of claim 5, Wherein the porosity corre 
sponding to each of the plurality of melt-bloWn layers 
decreases as a distance betWeen the melt-bloWn layer and a 
target device decreases. 

7. The apparatus of claim 1, further comprising a general 
?ltration element coupled to the melt-bloWn ?ltration assem 
bly to provide coarse ?ltration, the general ?ltration element 
comprising a spun bonded ?ltration media. 

8. The apparatus of claim 7, further comprising an outer 
?ltration element substantially adjacent the general ?ltration 
element to protect the general ?ltration element and melt 
bloWn ?ltration assembly against mechanical stresses. 

9. The apparatus of claim 1, Wherein the substantially 
constant diameter of the melt-bloWn micro?laments com 
prises a range betWeen about 2 and 5 pm. 

10. The apparatus of claim 1, Wherein the ?uid is selected 
from the group consisting of a coolant and a fuel. 

11. A system for ?ltering a ?uid, comprising: 

a tank adapted to store a ?uid; 

a pump coupled to the tank to pump the ?uid to a target 
device; and 

a ?lter substantially adjacent the pump to ?lter the ?uid 
prior to reaching the target device, the ?lter comprising: 

a melt-blown ?ltration assembly to provide increas 
ingly ?ne ?ltration of the ?uid, the melt-bloWn 
?ltration assembly comprising varying porosities of 
melt-bloWn micro?laments having a substantially 
constant diameter. 

12. The system of claim 11, Wherein the melt-bloWn 
micro?laments comprise a substantially dimensionally 
stable thermoplastic. 

13. The system of claim 12, Wherein the substantially 
dimensionally stable thermoplastic comprises at least one of 
acetal, polyethylene, polyphenylenesul?de, and high tem 
perature nylon. 

14. The system of claim 11, Wherein the melt-bloWn 
?ltration assembly further comprises a plurality of melt 
bloWn layers, each of the plurality of melt-bloWn layer 
comprising a unique and substantially constant porosity of 
the melt-bloWn micro?laments. 

15. The system of claim 14, Wherein the porosity corre 
sponding to each of the plurality of melt-bloWn layers 
decreases as a distance betWeen the melt-bloWn layer and 
the target device decreases. 

16. The system of claim 11, Wherein the ?lter further 
comprises a general ?ltration element coupled to the melt 
bloWn ?ltration assembly, the general ?ltration element 
comprising a spun bonded ?ltration media. 

17. The system of claim 16, Wherein the ?lter further 
comprises an outer ?ltration element substantially adjacent 
the general ?ltration element to protect the general ?ltration 
element and melt-bloWn ?ltration assembly against 
mechanical stresses. 

18. A method for ?ltering a ?uid, comprising: 

melt bloWing a substantially dimensionally stable ther 
moplastic to form melt-bloWn micro?laments having a 
substantially constant diameter; 
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forming the melt-bloWn micro?laments into a melt-bloWn 
layer having a unique and substantially constant poros 
ity; 

arranging a plurality of the melt-bloWn layers according 
to their relative densities to produce a melt-bloWn 
?ltration assembly; and 

?ltering a ?uid through the melt-bloWn ?ltration assembly 
to provide increasingly ?ne ?ltration of the ?uid. 
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19. The method of claim 18, further comprising selecting 
the substantially dimensionally stable thermoplastic to 
include at least one of acetal, polyethylene, polyphenylene 
sul?de, and high temperature nylon. 

20. The method of claim 18, Wherein ?ltering the ?uid 
comprises ?ltering a ?uid selected from the group consisting 
of a coolant and a fuel. 

* * * * * 


